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Abstract: Any type of energy that travels in a waveform is capable of bending around obsta- 
cles, but this is more evident when the obstacle is comparable in size to the energy's wavelength. 
Light, as a wave, is di®racted and its analysis is a hot topic in engineering due to its applications 
in scienti c instrumentation and the foundation of quantum theory and its particle wavelength 
properties. This paper introduces an alternative classroom way to present the link between far- 
eld di&raction of an incident plane wave, called Fraunhofer di&raction and the Fourier Transform 
using image processing techniques in the laboratory and classroom to undergraduate physics and 
engineering students using Freemat, a free clone of the highly popular scienti c numerical anal- 
ysis software, Matlab. We propose experiments for a single slit and a circular aperture (Airy 
Disk) which are analyzed using a digital photographic camera as the instrument and three differ- 
ent wavelength (650nm red, 532nm green and 405nm violet) low cost, low power (5mW) laser 
pointers as light samples. These experiments o®er an alternative laboratory and classroom im- 
plementation which allows evaluation of Fraunhofer di®raction with a relative error of less than 
3% compared to the ideal two dimensional Fast Fourier Transform and present a cross-relation 
between two apparently separate topics for physics and engineering students. Even though this 
kind of didactic strategies are applicable for all countries for teaching Fraunhofer Di®raction, 
they are more suitable for third world countries where complex and expensive laboratory setups 
cannot be afforded. 
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* Definition 

e Microcontrolled Set up 

Numeric Analysis Softare‏ ٭ 

Image processing alternative‏ ٭ 
conclusion‏ ٭ 


August 25-281 2014 - Guangzhou, China 





Odjetives 


e Studying light  difracction using simple 
resources in class and laboratory. 


e Introducing free alternative software for 
image proccessing and analysis of light 
difraction. 


“If mankind understands light, the biggest questions will be answed” 
(Me) 





Diffraction 


e Diffraction is the tendency of a wave emitted from a finite source 
passing through a finite aperture to spread out as it propagates.. 


> 





Diffraction Pattern (Single Slit) 


The simplest case 
IS Fraunhofer 
diffraction for a 
single slit, in which 
the obstacle Is a 
narrow and long 
aperture so that it 
Is possible to 
ignore the effect of 
extreme and the 
diffraction pattern 
is viewed at a long 
distance from the 
diffracting object. 


Monochromatic 
source light 
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Diffraction Pattern (Single Slit) 
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Simulated Diffraction Pattern 
(Single Slit) 








Fourier Transform 


A signal expressed in the time domain (or space) can be 
represented as a sum, discrete or continuous, of different 
frequency sinusoids. Thus, the signal is selected as a set, 
discrete or continuous, of couples amplitude and phase (one 
pair per frequency) forming the frequency spectrum of the 
signal. 


Continuous CFT Discret DET 
f —kxi N-1 | 
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Con k=0, 1, 2, ..., N-1 


Single slit Fraunhofer diffraction 


Plano Ranura Plano Observación (Fourier) 
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Photographic image set up for diffraction pattern analysis using 
Pasco Brand Setup 





Instrumentation for comparison 


Physics enginering students in the lab 










Low Cost Microcontrolled Set up 
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Characteristics 


Low cost (About 100 US Dollar). 

Time consuming electronic set up. 
Medium Computer and Microcontroller skills. 
Excellent results. 


Computing software 


MA | LAB 
The Language of Technical Computing 





FreeMat ® 


http://freemat.sourceforge.net 


Copyright 1984 - 2008, The ۸۷۰ 
Protected by U.S. patents. See mun. mathworks. com/pa 
AA The MathWorks 


www.mathworks.com 


> 





Octave Software” 


http://www.scilab.org/ http://www.gnu.org/software/octave/ 


Why freemat? 


Small program (about 100Mb) 

Works windows, Mac and Lynux 

95% Matlab compatible code 

Easy to learn and develop 

100% free for all porpuses 

Few toolboxes (Not image processing) 


Basic image processing toolbox 


imwrite 
immultiply bweuler 
imsubstract bwlabel 


bwselect 


imfilter label2rgb 


fspecial 


rebleray 


ımdılate 
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Alternative Image processing set up 





Image Analysis 





Image Sample 


Image Analysis 
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Image Sample 


Image analysis 


imread (reads and loads the image) imrotate (rotates the image) 


1 1 


Imadjust (constrast adjustment) rgb2gray (converts image to gray scale) 





Gate Function analysis 


Theorical Gate Function Power Spectrum 
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Comparing results 


Image processing 
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Porcentaje de Error 


Results 


Error Relativo 
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An relative error 
below 5% was 
found, which 
confirms, in the 
case آ0‎ this 
experiment, the 
clear relationship 
between the 
diffraction pattern 
by a slit under the 
Fraunhofer criteria 
using photographic 
instruments. 


Conclusion 


İt is possible to use image processing to 
study Fraunhofer Diffraction in class with 
low error. 


Computing free software is a Matlab 
alternative (le Freemat) 


This method Is easier a cheaper. 


Image processing toolboox must be 
improved and extended 


Students enjoy this. 
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